Stem cells in aged mammalian ovaries by Virant-Klun, Irma & Skutella, Thomas
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The ovary undergoes several changes after the 
menopause. The main characteristics of the post-
menopausal ovary are a loss of follicles and several 
changes as a consequence of apoptotic processes. Signs 
of atrophy and fibrosis are evident. Primordial follicles 
are usually absent in postmenopause, whereas corpora 
atretica, hemorrhagica and albicantia, scar tissue, and 
simple follicular cysts are common.  
 
Ovarian surface epithelium during the embryonic 
and reproductive periods of life 
 
Ovarian surface epithelium (OSE) is an important 
structure of the human ovary and is involved in both 
reproductive function and ovarian tumor formation. 
Primordial germ cells (PGCs) in embryonic ovaries are 
of extraovarian origin, but those developing during the 
fetal period are derived from the OSE. PGCs in the fetal 
ovary express most, but not all of the markers 
associated with pluripotent cells [1] and can develop 
into pluripotent stem cells such as embryonic germ cells 
(EGCs) and embryonic carcinoma cells (ECCs). With 
the support of the immune system cells, secondary germ 
cells and primitive granulosa cells arise from the OSE 
stem cells in the fetal gonads. Additionally, human 
neonatal thecal stem cells have already been isolated, 
characterized, and differentiated in vitro and in vivo [2]. 
Because of its physiological role during the fetal  period  
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of life, the OSE layer has also been termed “germinal 
epithelium.” 
 
During the adult, reproductive period of life, OSE is 
mainly involved in the physiological process of 
ovulation. Ovulation induces cyclic rupture and 
regenerative repair of the ovarian coelomic epithelium. 
This process of repeated disruption and repair 
accompanied by the complex remodeling reflects a 
somatic stem/progenitor cell-mediated process in the 
mammalian ovaries; a label-retaining cell population in 
the coelomic epithelium of the adult mouse ovary has 
already been identified as possible somatic stem/progeni- 
tor cells [3].   
 
OSE and stem cells in postmenopausal women 
 
The OSE layer gradually flattens, but is always present, 
even in menopausal females of advanced age [4]. 
Apoptotic and necrotic cells frequently appear within 
the OSE layer.  
 
It seems that human OSE stem cells retain the 
characteristics of embryonic stem cells. Based on 
previous experience [5], Virant-Klun and her coworkers 
[6,7] scraped the OSE in women with no naturally 
occurring oocytes and follicles: postmenopausal women 
and young women with premature ovarian failure  (POF). 
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In the scraped population of cells, which consisted 
primarily of epithelial cells, they found small, round, 
yellow-colored cells with a diameter of 2 to 4 μm and 
small, bubble-like structures; the cells did not respond 
to blood or immune-system-related cells (Figure 1A and 
1B). Similar cells were also found histologically in the 
ovarian sections of patients. These cells were 
immunomagnetically isolated from the remaining 
population of cells and expressed a number of 
transcription factors and surface antigens characteristic 
of pluripotent embryonic stem cells. In the presence of 
heterologous follicular fluid obtained from the institute's 
in vitro fertilization program, these cells developed into 
round oocyte-like cells (Figure 1C and 1D) expressing a 
number of oocyte-specific genes. Some of these cells 
spontaneously developed into blastocyst-like structures 
(Figure 1E and 1F) which could be a kind of 
parthenogenetic embryos [7]. The investigators 
concluded that they had discovered small embryonic-
like stem cells comparable to embryonic-like stem cells 
found in other adult human tissues and organs 
[8,9,10,11]. Although these small embryonic-like stem 
cells remain to be further characterized, they might 
persist in adult tissues from the embryonic period of life 
and play a role in rejuvenation and longevity. There 
have also been reports of the in vitro development of 
embryonic stem cells into oocyte-like cells in the mouse 
[12,13,14,15].  
 
Similar types of stem cells were found in the mouse 
[16]. Neonatal and adult mouse germline stem cell lines 
were established after immunomagnetic isolation. These 
lines expressed a normal karyotype and high telomerase 
activity and could be cultured for several months.  
     
Recently, the Tilly’s group performed important 
experiments on the adult mouse ovary. They found that 
the germline-specific meiosis-commitment genes 
Stimulated by retinoic acid 8 (Stra-8) and Deleted in 
azoospermia-like ( Dazl) are highly expressed in aged 
mouse ovaries with complete oocyte depletion [17]. In 
the OSE layer of aged mouse ovaries, they found a rare 
population of premeiotic germ cells which expressed 
the  Stra 8 gene and failed to develop further. These 
cells retained the capacity to develop into oocytes when 
transplanted and exposed to a young host environment. 
Premeiotic germ cells apparently persist in aged 
atrophic mouse ovaries but are blocked in their ability 
to undergo meiosis and transition into oocytes. 
Figure  1.  Ovarian  surface  epithelium  stem  cells  and  in  vitro
developed  oocyte‐like  cells  in  postmenopausal  women.  (A)
Putative stem cells proliferating and growing in the cluster of
scraped OSE cells (inverted microscope, Hoffman illumination,
magnification  400x).  (B)  Putative  stem  cell  and  erythrocyte
(inverted microscope equipped with Nikon Digital Sight DS‐Ri1
camera,  DIC‐Nomarski  illumination,  magnification  6000x).  (C)
Oocyte‐like cell without zona pellucida with attached putative
stem  cells  possibly  acting  as  granulosa  cells  (inverted
microscope,  Hoffman  illumination,  magnification  200x).  (D)
Oocyte‐like  cell  with  zona  pellucida‐like  structure  attached  to
the  dish  bottom  (inverted  microscope,  Hoffman  illumination,
magnification 200x). (E) Blastocyst‐like structure with blastocoel‐
like cavity at the beginning of “hatching” (inverted microscope,
Hoffman  illumination,  magnification  100x).  (F)  Blastocyst‐like
structure  after  “hatching”  (inverted  microscope,  Hoffman
illumination,  magnification  100x)  (images:  University  Medical
Centre Ljubljana, 2009). 
Legend: OSE‐ovarian surface epithelium; PSC‐putative stem cell;
ER‐erythrocyte;  O‐oocyte‐like  cell;  ZP‐zona  pellucida‐like
structure; BL‐blastocoel‐like cavity.   
 
Potential role of OSE stem cells  
 
In spite of the persistent dogma that the number of 
follicles and oocytes in the mammalian ovary is set at 
birth and depleted over the course of life, a role of 
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oogenesis in the adult ovary cannot be ruled out. It is 
difficult to prove de novo oogenesis/folliculogenesis in 
humans, because there are strict limitations on the 
methodologies allowed in in vivo studies. Tilly's group 
was the first to confirm this in the mouse model. They 
demonstrated cells expressing the meiotic protein SCP3 
in juvenile and adult mouse ovaries after the previous 
elimination of the primordial follicle reserve with the 
cell toxin busulfan [18]. They found that wild-type 
ovaries grafted into transgenic female mice with green 
fluorescent protein (GFP) expression become infiltrated 
with GFP-positive germ cells that form follicles [18]. 
Furthermore, they confirmed the formation of immature 
oocytes after bone marrow transplantation into the mice 
with previously induced premature ovarian failure [19]. 
Analogously, a bone marrow mesenchymal stem cell 
transplantation improved the ovarian function and 
structure in rats with chemotherapy-induced ovarian 
damage [20]. Zou and co-workers [16] infected mouse 
germline stem cells with GFP virus and transplanted 
them into ovaries of infertile mice. The transplanted 
cells underwent oogenesis and the mice produced 
offspring that had the GFP transgene.  
 
Two main scientific facts support the idea of de novo 
oogenesis and folliculogenesis in the adult human 
ovary: firstly, the presence of stem cells in the human 
adult OSE [6,7] and in the human mature vesicular 
(Graafian) follicles [21] as well as extrafolliculary, as 
confirmed in the mouse adult ovary [22], and secondly, 
the phenomenon of epithelial-mesenchymal transitions. 
It has already been confirmed that the OSE shows 
characteristics of both mesenchymal and epithelial cells 
and that under mostly unknown conditions epithelial 
cells can be transformed into mesenchymal cells [23].  
 
OSE stem cells and ovarian cancer   
 
Most ovarian cancers arise from the OSE - mesothelial 
surface lining of the ovaries or from invaginations of 
this lining into the superficial ovarian cortex which 
form cortical inclusion cysts. These cysts are thought to 
be precursor lesions of ovarian carcinomas. Epithelial-
mesenchymal transition, a transcriptional program 
inducing maintenance of the mesenchymal phenotype, 
plays a role in tumor progression and metastasis [23]. 
Aggressive epithelial ovarian cancer (EOC) is 
genetically and epigenetically distinct from the normal 
OSE and early neoplasia. Co-expression of epithelial 
and mesenchymal markers in EOC suggests an 
involvement of epithelial-mesenchymal transition in 
cancer initiation and progression [24]. Gene expression 
profiling supports the hypothesis that human ovarian 
surface epithelia are multipotent and capable of serving 
as ovarian cancer-initiating cells [25]. They express 
certain transcription factors characteristic of embryonic 
stem cells [26]. Indeed, there is more and more 
evidence of and acceptance of the concept of a stem cell 
origin of ovarian tumors [27,28,29,30]. Such a stem cell 
origin might explain the high resistance of ovarian 
tumors to chemo- and radiotherapy and their lethality.    
 
Stem cells present in the OSE layer of postmenopausal 
women can no longer be involved in reproductive 
function (de novo oogenesis/folliculogenesis) due to 
different natural blockades in the ovary, but they can be 
involved in the formation of ovarian cancer. Because 
they are accumulated in the OSE layer, they can quickly 
develop into ovarian tumors. This might be the reason 
for the clinical experience of a higher incidence of 
epithelial ovarian cancer in older, postmenopausal 
women  [31] and for the connection between ovarian 
epithelial cancer and the depletion of follicles in the 
human ovary [32].    
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